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±f50?aS^«i)L^^twi3V^-C. Sft5«tt^ (2 1) fi. N i -Sr^tPo -^LT 
. m-^^^ttii (15) (i. -e-cT^N i ;(>^h ^^t-^JVffiM (9) -^i£tfc-r^^tS-K 

[0 0 4 0] 

±fB<^iS^S*n:m^l'i5V^-C, @fi5i?^^ (2 1) (i. ^JS5t?SS14e (8) 

fc. V7>i8^tt® (10) t^^izm^^o 

fzfzL. ^m^m^m (s) i±. --^(o^m^y^^^i^mmm (9) i-^^^ 
tL, m:fj(Drrm^^^m.^ d 5) t;^'g'$^-cu>;&o V7>?^i4© (1 o) 
fi, -eoN i (15) tciJit^^Jis^?^^ (8) t<Dwm 

[0 0 4 1] 

±iB<^)?K^«i:n:^i=-ici3v^r. ®5c3^?estt^ (20) a. ^¥m^ (i 4) t 
. ^¥mn.m (14) 5:^fr?gs^fl^tc^^?EStte<nc^'^L/z2@o5MttJi (e 

[0 0 4 2] 

±IB<^?Sg^^t/L^i^tci5V^T. iftSi^^tt^ (2 1) {±. (1 3) t 

> ^m^^ (13) i^Lxm^mizK^m^mzm^Lti2m(7>^m&m (s 

:!^0^^1 5) ttrm^ho 
[0 0 4 3] 

±fBIiM=£:j!S;^-r^fci6lc. :*:^?g<7)|^^J£tn;^^<^)m5t:^^{i, (a) - ( 
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ir^o (b) J^r-y-fii^ K^m,n.m (5) <D±K. tL^@^g|&M=Sr 

:!nt^m^wmnm (20) ^^s^mrtho ccit?. @^5«tts (20 {±. -e- 

a^/i (6) ^mk.ho (c) ;^T--yy{±. @5e5«^ (2 0) (0±.\,z^ 

^Tfmn.<o}'>:^}vmBm (9)- ^r^m-t^o (d) ^^r-yT'ti. h>^;v7ife 
mm (9) <59Jitc, s^irtfe35;g^g|§?^>fb=^:t-r^ifi5i?^ttii (21) 

[0 0 4 4] 

±ffi<^?SS^Stn:^T-<^M5t:^^lwi5v^-C. (b) (b 1) :^7-y 

•f^m^^o (bl) Co, N i;5l?/F e (7) 9-^,(7)/},^;^ < h^) lo 

<^)^?^&>|5t^i:> A U Six Mg. T i X T a, H f . Z r, NbS.tFC eO 

mifT. <^?l^#fB^4•■e-g:lStt;^/^• -y ^ ifet:: i ^ 1 ^-^Mtt® ( 6 ) ^rffMi" 

^ o 

[0 0 4 5] 
[0 0 4 6] 

?SS^*li5L#^i: LTOTMRmT<7)ia-^tt^rpI±-r^7^cie)tc{±, Mn^N i ^S: 
i:*<;5j£tS[L-^-t-v^$t5H-«r^tfil (5. 10) ty>^^)V^^mm (9) iiO^lwte 

mis^itJi (6) ^WL^f. mmitm (6) t b > ^^vi^ii^^ o) tor^icti^ 
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^(DXo^^u^tLx. mmmtm<DCo. Fe. n i 'fcm^^^#L:^< 

. 4 0 OX:U^X^^<DmtmT^^^^^j:^^U^X^^T a. Hf. Zr. N 
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ma. ^mmimfi^it-<xmit^±^^^-}^^-^m< . mmt^^L^-r^^:^- 
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mi {i^ ^^mxhhmM.iimm^<oum(Drm<^mji^imm-f^mxh^o 

m%m}m=^-2Z^i^ *^l±tc, @ami: LT<7)TiOl^2 4 i:^®®2 5 i:<^FBl 
^C^^t'b*^.^ ^u:^7^^ > h-fe;i/M<?)MRAMOp«^';-fc:;HCig[ffl:g;rLTV>^o 
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m^^vij' 1 1 a. ±^mmm 1 2 tm^mn,mi-2 3 t^m^mK^m 

■f^o W^^y-^i^ imi I TiN. Ta. Ru.W. Zr. 
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MRAM<^p«^';-fe;vi: tTMi-^m^^g*itST-2 3 fi. T%®24±mS 
tt lb 5 . m^^W^m 2 0 > h ^ :t> ;v^jiS:ii 9 , S fiMtt® 2 

1 «:^ix.^o ?^^*a:^i=-2 30@^^?^teg2 0, ^>'^;^^^9^ 

ft^?sgtt® 2 1 it. m.%yy^'^)'^m^^m^-r^o 
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e-efM^*^^o CoFe-a-^fis ?^^6tJlcJt^6^J/N- (i-'fe^-^^ UMti 
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«:^i-N i F e^cON i '&'^tp^?SStt#: (N i '^^) -C^^fiK^^t-So — N 
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$ tt;g> J: ^ ti, K'^m^ 7<DMn-d^V >^)vmmm 9 t::4£t5:i"'S «i t ^m±t- 

^m^m.nm7it. ^<D±.izwtnhfi^o ^(r>t%. itrnm^'^miiu 7. 

h\z.^\)^ ^mkWmiit. ?^^fi«jtc>'N-KlC5&^o t^c. Ni7&^itv> OLit 
^pt^\i^) <r>x. J!£:tS:o?S;tt75^ilv^o ^w/iL. \c o^±j^^t-r^\ tit. ^m, 
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^m^'^^m<^^'^{>^j^<-f^^tifx^:bo Y>^)vmMm9 (h^:t-«;wN^i; 
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$tL. mfktf^UTti. TaOx. HfOx. NbOx. ZrOxx CeOx. 
AlOx^MgOx> Si OxRV^T i Ox-^m^^fl^o ^nh<DW^^7tm 

ti. mmi^TtmF c o. N i tcjt^Tm^ktJ^^g s^^-^^'^^-'^'MS: < > m 
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[0 0 6 6] 
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^^ifOo fzfzL. D(i. Co. F e;S.y''N i <Oi^-4-< ^^>— OTr^^o if^. 
M(i. Ta. Hf. Zr. N b:RTC e O^J^-^r < oT-*>^o ^LX. Zli 

, 0. 6^Z^0. 9<r>^^itXy)mm-^P'^ (X>0) o 4?^:. 

3 3 (D^mizitrnm^^mnj^^nLxii f9 > ^<Dmm±±rm t (Dm^m^^^^ 
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^iat. m^m^meiz^tfi:hm^\:mtLxT aois.. Hfox. zrox. 

o 

[0 0 6 7] 

ir^mmit±mm^^3 5Kmf&Lx\y^^o 

[0 0 6 8] 

^Kii, m^^m^meit. mit<^tLXAlOx. S iOx. MgOx. RZTT 
[0 0 6 9] 

±mm.m^^<Dm^^x^^mi<o^vto^mn^mm^Bm.3 5 a t> 5t 

3 4a txm^^fi^mikt^j:^o fzfzL. m^<7y^mn^m^Mi'& 3 5 af±. 
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[0 0 7 01 

^H3gjr3 5<^>:^§$J:«9^< L/iJ^'a-l^#^tL;2.o 3 4 a (i, AK 

Si.Mg. Ti.Ta>Hf.Zr. N b:5.t>*C e *>56*^M{f*T-7t7C#0 
^'fbtf-e^b^o ^<r>^^. im&mtm^ 4 at±> 5i?^tt^M^^H3&3 5 a<7)^ 

^^c^o fzfzL. mli<D^m^i^m^^^n.3 5 a<^9-^<^-^o^B^B«s:(±. ^ 
i-^mm^^mm^^3 5 aic^ML-cv^^o 

[0 0 7 11 

m^ti. ^?i^i4^Ji^H^HS3 5 (a) n±<D'm%m^xm%mf^^^%^fzib. 

(a) (^3g)[#J;«)^>^v^C:h:6^MtL<. 2nmJJiLTa:i- 
;SC:i::^5J:O0*Lv>o mi^O^?S^tt^Ji*SB^B3^3 5 (a) <^¥*l;^ 

mtl 0 nmJ':i.T;ei^0^ tv^o tfc. S^^tt^^^a^afi 3 5(a) iim^^'BiXf 
K^-^^zM^ L-CLt^b^v^i^ liZmMA^ 3 n mm±-e^ C h i)m 1 1 
V^o Ctt<b#N^ttm^kW3 4 (a) (DW^^^m^^m^^mS 5 (a) 

Ji6<7)^m^# (^^BflcK-T^f ^m^OJ:9 4^**;^<7)'ru») l^ioT^J^-t- 
[0 0 7 21 
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m-r^^t^j:<^ Mxi<DYy^-^ )v^mm 9 --<^j£m ^^j^ij \zm±x ^ ^^m^^ 

[0 0 7 3] 

mini. ^§tmx^:hm%mLm^<Dmm<Dmm<7)MKm(om^^mm-r:b 

[0 0 7 4] 

2 1 tc, ^tL'rtLit#-?8ii4e6:s.t;^m^?^i4® 1 5 ^w:n.m±mtLxnxLx 
m 1 3 iz^-rm^imx-tM^^^o 

[0 0 7 5] 
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mx^^o i^m^m^ 2 1 irov^-cti. m 1 3 ici^i- i ^ ^-m^m^ 1 5 * 
$^mn.m 1 4 :5.c>'i 3 {i. m-a-Mi^s e t^Ji5t?^i4ii 7 . m^m^m 

urn-. *Me«JlC{iCu. Cr. Rh, Ru. R u O x t?fM$tt;g)o 
[0 0 7 6] 

1 4 ^T^-f^fflic i i) , @^5«tt^ 20^.2 m^m^ 

[0 0 7 7] 

1 3<^?f'^ffltcj; 0^ ifi5t?6^t4^2 1 2oo5«14^ (It 

iJSiLu ^\z^ ^mm!&m2\^vyy\,z-t^^ti)^mx^ho 

[0 0 7 8] 

mi 3o^3ii3i3v^T. ^^\zyyYtj:^}^-^mmm2 i-hmhft^m^^zkt 

■t^SCiitCj; N i =S:g*^?g^14^2 l;6>«c,g^^L, i <r>mB.\,z hmfm 
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[0 0 7 9] 

ISLT^ X/N->>^:^m<^T;V=^'>JE{i5- 1 OmT o r r <7)^ffl-e. ^-^-yY 
mJEtiS 0 0-5 0 0 V<7)^H-e:^it'fittz|£lgLTV^;So 
[0 0 8 0] 

KS 2 t LT. T a ^ 3 n m^;K±t^ff^^t'&o ^tc. Tg|5m«v- 
K« 2 Jitc. TSPm'^S 3 i: LT. C u ^ 5 0 nmM^ir^ho M^^X, TUVM 
3 JitC, /"^^yrm^ t LT> Ta^l5nm^ ^fj^cCogoFeio'^^Sn 

o 

[0 0 8 1] 

/^yyTm4±iz^ K^mnmSt tr. P t 4 gMn 5 1 *3 0 nm 

J^m-t:ho i^<7)K^m.i±m 5 <!: LTHt^^ttlc^tL/iN i M n I r M n 

6±tC, ^m5t^^ttJl7 t trC o 9 oFe 1 o =^ 5 n m5l^^"t o ^V^T. # 

mS^tt® 7 0_hiz h >^'^)VmMm 9 t LT. A i =^ 2 nm65cM#:tcm^#H^ 

h>;^;l^^^9(±A 1 Nx^> Mg Ox'&^T*^) .tv^o 
[0 0 8 2] 

Y y^-^)\^m.mm9±\z^ ^m^kmm s t lt. co9oFeio*2 

. 5 nm^m-r^o iitv^T> V7 1 0 ^ LT. N i F e ^S: 7. 5 nm# 

^t-'So ^IC, V7 0±.\zWm^y^ ^ Ymil i:LTTa=S:3 0 n 
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U^M^Kx:^-j^yif'^^^)-:z.y^\^f-±j,Z^ C u 3 0 0 nm^^i-^o 

m± J; , L T <^ T M R tS-^^^I" h o 

[0 0 8 3] 

v^^cR^&14:^/N"y^lcio-C?^^^tgr-^^o y LT(i. HMe^Jtc 

^7C#i:<^)^^-C5^^§tL7t^-^y h (M7i^: (CogoFeio) SSTa 

y ^ *-x^fflv^T;^^N'y ^-r^ m^fi. ^Jl5t^^14#: (-^J^ : C o 9 0 F 
e 1 0) i^^^\^x$m.^±m iM^: Ta) tcfg-^i-^o ^if:A\,Z^t 

[0 0 8 41 

met*. ^?^m*^T'^ hCoF wm,n.7tm-^h ^ t a t -cf^^ $ t^/i ( c 

m. (seem) tT}V=fy:ff:^<omM (seem) t(7>it \^m/r)V 
^>mAVc.\ i:*>v^9) -^-^^o l^^^f^fznm\t. a^^: (CoPe) yT 

m^x-^^o IH6.5.afIlI7tc^$tLTv>;5J:-7tc, m^/T;i-=/'>m*Jt;6MN$ 
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[0 0 8 5] 

V^^o ^(Dim^ii. XP S (X- ray Photoelectron Spe 
ctroscopy) ^fflv^/c^^^tc J: oT^^tfbtLTV^^o 

I118(i. m^/T;i/=r^»f£»Jt«:0. 13:S:t>*0. 5 4 tLXi'^^^KtzmW 
MHov^T. XP Sicj;-i,^^^ff'5 i:HJ:cTt#f>tL^C o 2 p^^^ ^>'^ 

. 1 3 T-*^*|^lc{i, -eo^mtc-^i ti:hCo lt^<D 7 #m±;6^^JRt»tS-e2b 
[0 0 8 6] 

^-fkTi^^&iao C o 9 0 F e 1 o^^^^k^t^T^: (C o 9 o F e i q) -Ox{±M 

S^^^ttJ^^jSjo-e. M'fbT&^Mil'^L-cv^i, ^*ii;>e>^.%g&icJii:*:-t-'5>o ^<DX^iz 

. m^mnm e tc^jv^r. c o f e a^m^'mx^^nfutmm^^mm^^^'o 

1 0-3 0 0 0 A* n cm<^)|gHi:5Sr*e Miz, 3 0 0 0 f2 c mmTO^m^<^) 
[0 0 8 7] 

•t t) *> , ^m3^ai4# L -C C o F e T!)mm $ tt, J^o , ^^'fb 
tJ^LTTaOx. Hf Ox. NbOx. ZrOx. AlOx. MgOx> RZ/ 

s i o x<^v^-r*v^*^?i^ffl$tt^j^'^, m.myT)\^::f>m^it^^o. 2xy) ^/h 
$tttt{^. c o F e ^^mm^j:^mi,zLx^^m^m6 ^^m-^mx^^o 
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[0 0 8 8] 

(CoQoFeio) 8 5Ta 1 s^ife^-y-y 7)l^=r>mA^ 1 

1 . 5 s c c m, mmm-Mi^ 1 . 5 s c c m (mm/"r }i^=f>mMit= 0 . 13 

) <D^mzx y)fmLfzm^. m i iz^'rm%w^m^<oc o f e t a o x^-^ 

[0 0 8 9] 

T a tmm.n.UmC o F e i: oa^Jt>6^m^-e^^o -^Jx-Jf, T a TJ^'^-i" ^ t 
^m^m 6 (7)±TI>Z^^ Co9oFeio« {^m^'^^M 7 ) RZ/P t 4 9 M 

n 5 1^ (K^mnms) t<om%m^^^^^mt^. c o 9 o f e i om<Dm<t 

o 

[0 0 9 0] 

Ta mmmk'imu^) <^>&^jttii o%m_L4 o%mT-e^^o ±ib 

(DXo ^j:^mtmiT a (Dj^liZ Zr. Hf. Nb. Ceib^^^o ^m^U^t 
[0 0 9 1] 

mWi2 002-15838 \%^m,<nWL%^^%'^X%m'^^^^T 
JCTaOx^ ZrOx. NbOx> HfOx> C e O x OJ; ^ 55r|^^J^'l4<7)ii5v^ 
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K:^M^i^MM^j:<Diir^)vy T :^m^'Cii^£\^^o ^fiiz-Dx^^x. md^m^^X 
[0 0 9 2] 

m.^<Dm^'mUmx-^^o I1I9T-{±. ®#(^T-t;V-7T>^m (CogoFeio 
) 8 5 T a 1 5 «r@5E5i^^tte 2 0 ff'tcffiv^fc:*^ 1 ~ h :^;^;^^ii^M9 t •C<^) 
(^^y^ "Jfc^fir ^ mm-t?^^) 2^l§^<^CoFeTaOx 

■^^mim 6 ^ m^imitm 20^ iz^^ff^mm. 1 ~ h > ^ 9 1 x(d^ 
y'f)i'2 (yyy^ "mmm" . mm-^mm (r>. yinw^m.cnm'm.'r-^^^ 

(1) ^f>7';vi (t^5^^#T<7)JticM) 

^^Ta (3 nm) /N i 8 1 F e 1 9 (3 nm) / 1 r 2 O^n g 0 (1 
0 nm) / (C o 9 0 F e 1 0) SSTais (3 nm) /C o 9 0 F e 1 0 ( 
3 nm) /A 1 (Inm) -Ox 

(2) •9->'/;v2 

a (3 nm) /N i8lFei9 (3nm)/Ir20Mn80 (1 
0 nm) /C o F e T a O X ( 3 n m) /C o 9 0 F e 1 0 (3 nm) /'A 1 ( 
Inm) —Ox 

[0 0 9 3] 

^m.iiz^^>xMnW:Wi.M'S:0mitr^)]^y7:^iz< t>^r6 o%tctt?«]x.Tv^ 

* (3 5 0X:t?{i^ 5 0%mT) o Cltt{i@^^?^1^2 O'*' ^IStfei-'SMn* 
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[0 0 9 4] 

m^m^meoi'f^mt Lx±^<DKB^:^^-^y ^mf^m^^'. is^c o f e t 

10 0 9 5] 

&.±XWim Lfzm^^^m C o F e T a O x t±, T-^e;^^ T 3 2 
> W^'&MPf\ZK\. Si.Mg. Ti.Oi^^. ^(DmcW^mz'^'^X 

1 5 ~ 3 0 n m) t fi^JSr 0 . ^^Si&Ji 6 (DWm&.'^mW^^m. 3 5 
<7)¥*l>5^#f± 1 0 nmJilTT-*;5o »r:tt{i. #N^ttm<k2if3 4tcJ:o-C3i?Sg14^ 
W^^^3 ^(r>m.^^if^7^h^X\^^'^fz^X^^o 
[0 0 9 6] 

ci<;Dmz:<7)?f^S<^1t^?^'l4^ 6 ±3^<7) CoFeTaOxt isi^o::^?*^:: J: 
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[0 0 9 7] 

It^mtt® 6 O^HOf^^. t LT> III 5 tc^i" J: ^ ic, 6 fi. tttfe 

<^^m<^5tMtt^m^B%J^3 5 a ^^^?^ttm'(t:2^3 4 a i:=Sr^tfo mM<Dm^^ 
^m^^m^3 5 a<^^t±^ttm<k2iF3 4 a J: «9 RSTib tt. m^^mt. 
?Sgtt^6 0M®lcSlt'5r:^|nIlcov>T> #?^^m'fbtr3 4 a I' J: oT^Kff^ttT 

^ v> J: ^ ^#3tT-^ o ^ CO J: 9 >&#3t(i. m^^^m 6 <Dm^ M^m^ 
m 6 ^(Dmm^^mi^^B&s 5 a <d^^ $ j: 0 ^>^v^ i ^ ^^-g-^. 

'So tmm^mtTsi. H f s Z r> Nb. A K S U Mg. T i 
t^fi^:M^^Xi> X\^^o 
[0 0 9 8] 

m2 0 (Dm^m^lW-^^^M^^M'W:^ 3 4 a J; o Tffi«6 ib ivX^^^^fzib. 
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[0 0 9 9] 

CoFeTaOx<^)#^m (m^<^ii l^f^li) :5.t>X o F e A 1 O x 
m((Co9oFeio) 78A12 2 ^-'5'''^ h T;V=*':^ iim^Otl-^^H 
rS^ (^^/T;V3'>ij{L4it= 0. 0 7) ) tcov^TOfPlffi-eti, ifc 

CtLibO#^MtCOV»TX0llI«f*tTofcM:^. C o F e T 2iOxiim)^^gM 
m^liZ^^ir ^^y!}^^£m^^~ -^^^hfLfzO^X^ofz-^^. C o F e A 1 Ox 

^*fflv^rmie>fz^:J^^^S@ti^6 nm'e*)ofco J':J.JiJ: "9. C o F e A 1 O 
[0 1 0 01 

HI 1 0 m^^miim 20^ \,zw:WLm±m ^^A.f£Km&mm 5 ym^mm 
tt®2 o-^m*t'&m<^?ssfkfi«ts:^i-^7"7-e$)^o ^mutmtx^^. mMi 

i±mmx^^o ■9->-/;i^3 (i>'^'7ftJ "ifc»J" , ^^?c-e^^) fi. T 

a (0. 5nm) -Ox (^^mi^m^b^® ^U,nm±m t L fc@^5^?@g14^ 2 0 
•9->7';V4 "^i&^ar . Wt?^^) (i. 5f:f|^oCoFeTa 

o X ^^-a-isji*® 6 1 Lfzm^^m^m 2 0 m^mnm e x±m^m.^m 7 ) 
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o 

(3) •9->7';V3 (tJ£5^^^tOJtl!^^J) 

^5|g/T a (3 nm) /'C ogoFeio (3nm)/Pt49Mn5i (3 
0 nm) yc OQoFeio (3nm) XT a (0. 5 nm) -O x/C 090 
F e 1 0 ( 5 n m) 1 ( 2 n m) - O x 

(4) •9->y;v4 

S^/Ta (3 nm) /C o 9 0 F e 1 0 (3 nm) /P t 4 9 Mn 5 1 (3 
Onm) /'CoFeTaOx (3nm) /C ogoFeio (5nm) /A 1 ( 
2 nm) —Ox 

[0 10 1] 

■9->"7';U3t±. Ta-Ox (0. 5 nm) fcm*?>-CSr < LTV>;2, ^ P|:bib-f 
, ^ilf&'^?^Ji-{i0Oe^c>&J9@5e@{i@^$tLTV^:&v^o ^ttfiTa (0. 5 
nm) -Oxm\<^ii<>xm%m^^7()m%Whfifzfzif>t^^hti^o •9- 

>7';v4 (^mm) t±®^^?^tt^2 0i;^m^N*^T;^75^^C-c*5i9. ^m^^ 

|gg:#He x{±l 3 OOe-eJb^o m^^m^2 0 tK^^^ 

[0102] 

^.^no^^it. mi 1 i^a^^xyy ymmmm i oti^<T^> j;v^o -r^^b*, 
'g't^i-<, R-D. ^m^(D7tm<r)mtm'tm)^^tLxjfm^fifzm^m^m 
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[0 10 3] 

* /cm'^?sstt^ 6 <^m=o5i^^ (la 5 <^ j; d =&#it) ^o^i-g-. tirfao i ^ ic# 
yyy^m^m i o ^m^mn.m i 5(^±ic5i^^i-^o ±^^<^it-^#:icm"rB^ 

y7 1 0 tc^$^L;5>N i o h ;^^;Hgiiyi9---<7)i£tS:{i, 

[0 10 4] 

^mx^hc m-^mmi-xA o ox:irTS:tx(Dmni'\t^n^\z\t. Bfriaoi^ 
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•Cab -So 

[0 10 5] 

(^ifeM 1 ) 

[0 10 6] 

mmtuR^ (%) . mm^mMwi^m (x) t?^^o fztzi.. ^-^y-zr 

(5) ■9->'7';i-5 im^ms(D]mm) 

m^/T a (3 nm) /C u (5 0 nm) XT a (15nm)/Co9oFe 
10 (3 nm) /P t 4 gMn 5 1 (3 0 nm) o 9 o F e i o (9 nm) 
/A 1 (2) -Ox/C ogoFeio (2. 5nm)/Ni8iFei9 (7 
. 5nm) /Ta (3 0 nm) /C\i (3 0 0 nm) 

(6) ■^>^)\^6 (■^^m<r>mmm) 

S>^/T a (3 nm) /C u (5 0 nm) /T a (1 5 nm) /C o 9 0 F e 
10 (3 nm) /P t 4 9Mn 5 1 ( 3 0 nm) /C o F e T a O x (4nm) 
09oFeio (5nm) /A 1 (2 nm) -O x/C 09oFeio (2 
. 5 nm) /N iglFeig (7. 5nm) /T a (3 0 nm) /C u (3 0 
0 n m) 

(7) ^yy'ji'i {:$i^m<r>mmm) 
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W^/T a (3nm) /Cu (50nm) a ( 1 5 nm) /C o 9 o F e 
10 (3 nm) /P t 4 gMn 5 1 (3 0 nm) /C o F e T a O x (4 nm) 
/CogoFeio (5nm) /A 1 (2 nm) -Ox/C ogoFeio (1 
nm) /C oFeTaOx (3nm) /N isi^eig (7. 5nm) /T a 
(3 0 nm) /C u (3 0 0 nm) 

[0 10 7] 

Cttf><7)-4^>y;i/cfi<^:^^^'I4^C 0 FeTaOxfi. (CoQoFeio) 
8 5 T a 1 5 <D^^9 -Y y Y ?:^^Dtt>^>'^'•y ^ (BM/T n^^:^mAi3c.= 0 . 
13) -r^CliilCilJf^^t/io ^(^It-^^egttMtiifc^^^ei^S 5;uacmT'abJ5 

2 OfftCCoF eTa0x^^att^6 5rfflv^rMnJ£tS:=SrE&itL7^:2|s:|§^O?^ 
^^gtitm^. -9- T';^ 7 4't::CoFeTaOx 

[0 10 8] 

U-^MM^zW/PX^XX^t^o —Ij. -^Z^ZfJVeXii. MRJtti^ 3 6 5t:^T*4 

eTaOxtCJ: JS:5^?gS14^:6><bOMni£tS:S:|5&jh tTV*;g>^:l:t?*;5>o 

•9->y;V7-e(±$'b WSfttt/^^^ffilit^ MRJrtfi. 3 9 0 r 1 4 0 %JiJl±^ 
^l^oTV^^o C::lX{iR5t?@Sttii3i^'btf5Mn$!£tfclCjn£T. g ft^ ^ O N i tfeffc 

[0 10 9] 

mi 5{i> ^yy)V7^3 8 ot:iB#FH^<^iL^a^^foy::^<7)^^^^^ffift* 
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^■r^yyx-^:ho fzfzmUMRit (%) , ^mitmm (Oe) T-^^o IHJ:*} 
[0 110] 

mmm 2 ) 

mmm 1 1 mm^j^^m- iJ^coPeAio x^-^a^^ e ^@^5i?s^tt^ 2 

. mi 6i:^mLxmmir^o 
[0 1 1 11 

(8) ^>-:f)\^8 m^imcDitmii) 

^/Ta (3 0 nm) /N i 8 1 F e 1 9 (3nm)/Ir20Mn80 ( 
1 0 nm) yC ogoFeio (12nm) 1 (2 nm) -O x/C 090 
Feio (2. 5 nm) /N i 8 1 F e 1 9 (7. 5nm)/Ta (3 0 nm) 
/C u (3 0 0 nm) 

(9) •^>f)i^9 (.:^^m<ommm) 

^SsL/T a (3 0 nm) /N i 8 1 F e 1 9 (3 nm) /I r 2 O^n 3 0 ( 
1 0 nm) /C 09oFeio (1- 5nm) /C o A 1 0 x [A] (8 nm) 
/CogoFeio (1- 5nm) /A 1 (2 nm) -O x/^C o 9 0 F e 1 0 
(2. 5 nm) /'N isiFeig (7. 5nm) /T a (3 0 nm) /C u ( 
3 0 0 nm) 

^'^m!m/^mim'&m/y>^-)'\^mmm/^m^m!&m/yy vm-nm/m 
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m^>^ ^ ymy±ummm. om^^hs^ltv^^ (Tt!5«a^{i#iii&) o 

(10) -«?• ^ "/;n 0 (:$:|&^<^|l»fl) 

a ( 3 0 n m) /N isiFeig (3nin)//Ir20Mn80 (1 
Onm) /CoFeAlOx [B] (6 nm) /A 1 (2 nm) -Ox/Cog 
OFeio (2. 5 nm) i 8 1 F e 1 9 (7. 5nm)/'Ta (3 0 nm 
) /C u (3 0 0 nm) 

[0 112] 

•9->'"/;V9tc>fseffl$tLTv>;5C o F e Al 0 x^-a-l^ttSAti^ @Ei^<^J:^ 
. (CogoFeio) 7 8 A 1 2 2 ^^"^''^ ^ ^ ^ ^i^'^^tt-^^'^*'^' ^ 

#/T;i^n'>"^»jt=o. 0 7) ■r:h:it\z^\)Y^ui.fzo n 

m (X^HIiffM^) > itW^\t 8 1 0 n c m i:Smtt-e^ . 5 O e O 

■<?->*/;H 00c o F e A 1 0:^^^mSEmB\±. (CogoFeio 
) 9 6 A 1 m^^^:^^^y^ {mM/T )\^^'ymA)A:>= 0 

. 0 3 5) i-^vli:tCJ; iJfjp^LTto CICOC o F e A 1 O x i±i^?^:tr76^^3 0 O e 
C0^ai4t;^-r'; v;^ (?^<kil!l5c) =S:^U -e<0Jt^g^t±2 0//ncmT'^-=>fz 

o 

[0 113] 

llI16<5D^tI. ittib<^)?^^^^^^^ (■if^'/^VS-l 0) ^2 5 ox:. 3 0 

or. 3 5 or. A 0 ox:x-mMmLfzm<DMRitRx/^mm^WiWf<omm^Wi 

—If. ^^m<om^1&^m^X$> r ;W 9 {i. @5c5«14® 2 0 tc C 0 A 
1 OxIt-g-M^^ASrifXLTMntetfe^rR&ihLTV^^o ^<Ofzib. 2 5 0-3 
5 0ri^^SmT*^>. MRJt^i. :^<^5ELTieiv^^l=Sr^oT^.»*o tfc. 8 0 
-9 2 O e<^);^i$0^m^-«^TXMJt^^i:tv^^o :*:|&^<7)^^^jm^T--e 
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on. m^^Mm^m2 oicc of e a i ox-m^^mnmBco^^ 
tj:mt^£ox\^>^o m^mm\tm2 o-^m^^tzub. ^mm^m^ii2 o ooejjji 

±^CX\^^:ho tfz. »i^te^>^<^ 3 5 0'Cit^amt::*3V^T^>MRJt(i3 3 

[0 114] 

(^MM 3 ) 

id^CogoFeio (6 nm) ^J13i?S^^ C o F e T a O x (5nm) 
?^14gC oF eTaOx (6nm) (i. (CogoFeio) 8 5 T a i 5 (7)-^ 
:^^»Jt=0. 13) 1r^^t\zi,i)^^Lfzo mMmi h^-(r>m.X:^^o 

tm^?^^4'-e3 0 o'coft^ii^^fv^?^^^:^l4^##t7to -e-tL<bo 

[0 115] 

mi 7t±. #^^>7';K^^^<kffila=Sr^■r^5^^•7-e^>-&o mmtmt (emu) 

(1 1) ■9-v7°;n 1 {-^^^(Dmmm) 

^/Ta (1. 5 nm) /C o 9 0 F e 1 0 (6 nm) /C o F e T a O x 
(5 nm) /A 1 (2 nm) -Ox 

(12) ■9->y;H2 (2^^^(7)|lifeW 

^^/T a ( 1 . 5 nm) /C ogoFeio (6nm) /R u (1 . 0 nm 
) /CoFeTaOx (5nm) /A 1 (2 nm) -Ox 
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[0 116] 

^yyjVl IfiCogoFeio (6 nm) i:CoFeTaOx (5 nm) 

u^mm^fi. m^mK^m\imK^^Lfzmmf^'^^y) . 2{iRu 

(Inm) 'Sr^trC o 9 0 F e 1 0 (6nm) <!: C o F e T a O x (5nm) 

^mm^i^xisi). Ru (Inm) (Dim^x -pxn^om^-^^Kmmm^ii^ 

J15i?^14)iOC o 9 0 F e 1 0 (6nm) tm^mnm<OC o F e T a O x (5 
nm) (OmumitX^^o 
[0 117] 

M1+M2 {2m(Dm^im^t<r>m x^^o 2Xit'{fummi-t^i^4^ 

i}^^(i>il^o CtttiC 09oFeio (6 nm) iiCoFeTaOx (5 nm) 

(omit^^MMmi^m ic^-^ u -c ;& 7t ^mim^&xM. mm. x -r u 

->X01^${iM5S?^tt^0^fP?8g<b<^M^T-2b^Ml -M2 a:^:oTV^;s>o StlS^ 
:^^]tJPx.-Cv^< titLibC o 9 0 F e 1 0 (6nm) i: C o F e T a O x (5n 

m) (DRmmmm^^mti^x^T^. mi 3 0 oo e(Dm^^mwLfzt^\iZ^ 
m^m!&m(r>mim^m'miKm'ox\^>:ho ^y-f)^! 2 (d ^ tj:^im!m^^ 
^m.^m\^^^^t\zx^. mik'm\z.i5\^^x^<DmM}m^Mt^ui+M2ii>hM 

[0 118] 

m%mim=^^i^^WLm±m^ni'f^::.tx. i^uxw-MMLtzm 
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o 

lias] ^^mms(om-(7}W'm<omm't^irm'r^^^o 

[Els] m^m^m<Dm~<Di^m<owim^^^irmx-^:ho 

[HI?] me fciic^m<^t&fn?^<b^^i-t^^7-e^^o 

[ma] xp st3j:;!>^fli<oc o 2 v^^^ h;w^mi--r-^-tr^)^o 

[1119] I^^SzajKi:Mn«t5:l:tOM#^^-r^*^-7-e^)^o 

[mi 0] Kmwm/m^im'm--^^m^m.(^mmm^7r^-rif^y 
[mil] 2^i§ig-e^^i^^m^mTo^M<7)m-,oMi::'(iii<^#^^i^i§-r 

HIT' 2b -So 

[HI 2] ^^mxh^m%mmi'<r>mm(7yimm\\(r>m^^mm-f^m 
[HIS] m%immi-^:-ii^if^nt^m^^<r>m%mn.^u^7B'tify'7x^ 
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[mi 7] ^^>-:f)V(7)mi\:mBimir^^y'C^^o 



1 




2 




3 




4 




5 




6. 


M mm t r t yV -nlZ. Lvt » » 

1 5 It-g-^g^tt^ 


7. 


7a. 7b. 8 #m5i?^14i 


9 




1 0 




1 1 




1 2 




1 3. 


1 4 


2 0 




2 1. 


2 1 a 


2 3 




3 2 




3 3 




3 4. 


3 4a ^^^ttm-fktr 


3 5. 


3 5a 5t?8^tt^m^B^H^ 



1 0 1 

1 2 0 
1 2 1 

12 1a V 7 h 
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12 1b h'^m^m 

122 h>^-)l^m^ 

1 2 3 ^Si^^ 

12 4 T^m 

1 2 5 mmm 
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[me] 
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[mi 4] 

o 




ooooooo^ 

CD lO '^r CO CM 1— 
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